Introduction
Three key themes in the INCOSE Technical Vision [Crisp et. al., 20051 are: The INCOSE definition of Systems Engineering as "an interdisciplinary approach and means to enable the realization of successful systems."
The objective of providing an underlying theory of systems engineering.
The objective of determining the distinguishing intellectual content of systems engineering as compared to other engineering disciplines.
The paper introduces the essentials of an initial underlying theory of systems engineering. Its Fundamental System Success Theorem provides necessary and sufficient conditions for a system to be successful. These conditions involve determining and reconciling the value propositions of the system's success-critical stakeholders. Their elaboration leads to a System Success Realization Theorem, and a process that involves other components of the theory. These include utility theory, dependency theory, decision theory, and control theory. Their emphasis on stakeholder value provides a key distinction between system engineering's concern with stakeholder values and the essentially value-neutral orientation of other engineering disciplines.
The Fundamental System Success Theorem
The Fundamental System Success Theorem states that: A system will succeed ifand only ifit makes winners of its success-critical stakeholders.
An informal proof follows. It should be noted that value-based theorems and proofs are less formal than those in such areas as mathematics and physics. In Case 1, the customer and developer attempt to win at the expense of the user by skimping on effort and quality. When presented with the product, the user refuses to use it, leaving everyone a loser with respect to their expectations. In Case 2, the developer and user attempt to win at the expense of the customer (usually on a cost-plus contract) by adding numerous low-value "bells and whistles" to the product. When the customer's budget is exhausted without a resulting value-adding product, again everyone is a loser with respect to their expectations. In Case 3, the user and customer compile an ambitious set of features to be developed and pressure competing developers to bid low or lose the competition. Once on contract, the surviving bidder will usually counterattack by colluding with the user or customer to convert the project into Case 2 (adding user bells and whistles with funded Engineering Change Proposals) or Case 1 (saying, for example, "The contract specifies user-friendly error messages. For my programmers, a memory dump is a user-friendly error message and thus is a contractually compliant deliverable"). Again, everyone is a loser with respect to their expectations. Step 1 of the theorem involves dependency theory, which addresses how people, process, and products depend on each other. It includes organization theory, group dynamics, the content of traditional "hard systems engineering" (e.g., [Wymore, 1967] ), and emerging "soft systems engineering" (e.g., [Checkland, 19811) .
Developer
Step 2 involves utility theory, in determining stakeholders' utility functions, or such synonyms as value propositions or win conditions.
Step 3 involves decision theory, including game theory, negotiation theory, and statistical decision theory.
Step 4 involves not only classical control theory with respect to predetermined objectives and plans, but also adaptive control theory in adjusting objectives and plans to changing circumstances. A summary of the relations among these theories is shown in the "4+1" diagram in Figure 2 . Theory W (for WinWin) is the name of the original software engineering version of the Fundamental Theorem in [Boehm and Ross, 19891 . The System Success Realization Process Figure 3 expands the 4+1 diagram in Figure 2 into a 7-step process (with considerable concurrency and backtracking not shown for simplicity) for realizing a successful system. It begins with a protagonist (a corporate leader, public servant, inventor, entrepreneur; others) wishing to achieve some goals which require contributions from other successcritical stakeholders. The protagonist uses techniques from dependency theory to determine the success-critical stakeholders in step 2, and proceeds to use techniques from other theories to proceed through the remaining steps to realize a successful system. The process and steps are elaborated and illustrated on a supply chain system example in [Boehm and Jain, 20051 .
The Distinguishing Intellectual Content of System Engineering
The intellectual content of most engineering disciplines is component-oriented and value neutral. Ohm's Law, Hooke's Law, and Newton's Laws are excellent for determining how various physical components perform. But they do not address the contributions of this performance to the value of a system involving various possible combinations of electromechanical components. As implicit in the NCOSE definition of systems engineering, the intellectual content of realizing successful systems involves reasoning about the relative value of alternate system realizations to success-critical system stakeholders, and the organization of Figure 3 . The System Success Realization Process components and people into a system that satisfies the value propositions of the successcritical stakeholders. Thus, the abilities to evaluate alternative system combinations of components and people and their value to success-critical stakeholders are essential distinguishing characteristics of the intellectual content of systems engineering.
Conclusions
Although much remains to be done to elaborate the initial theory and process summarized above, they provide useful starting points toward realizing the INCOSE Technical Vision objectives of providing an underlying theory of systems engineering, and of distinguishing its intellectual content from those of other engineering disciplines.
